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(54) PROCESS FOR PREPARING METALLIC AND NON-METALLIC PHTHALOCYANINE USING MICROWAVE 
ENERGY 

(57) Abstract: 

PURPOSE: A process for preparing metallic and non-metallic 
phthalocyanine using microwave energy is provided, thereby 

high purity metallic and non-metallic phthalocyanine can be OVVO 
rapidly prepared at low temperature in higher yield, and side- 
products can be inhibited. 



CONSTITUTION: The process for preparing metallic and non- 
metallic phthalocyanine using microwave energy comprises the 
steps of: mixing anhydrous phthalic acid, phthalimide, 1,3- 
diimino isoindoline, 1,2-dicyanobenzene or non-metallic 
phthalocyanine, urea or nitrogen, and metal chloride or alkyl 
metal as a metal source in a solvent using a catalyst; and 

heating the mixture to 130 to 250deg. C for 0.25 to 15 hours using microwave energy, wherein the solvent is 
selected from alkylbenzene, N-methyl-2-pyrrolidone, quinoline, trichlorobenzene, isoamylalcohol, n-octanol, 2- 
ethylhexanol and 1-chloronaphthalene; the catalyst is selected from ammonium molybdate, DBU, or DBN; the 
metal and non-metal are copper, iron, nickel, cobalt, manganese, aluminum, palladium, tin, lead, titanium, 
rubidium, terbium, cerium, lanthanum, zinc or hydrogen; and the output of the microwave energy is 100W to 
20KW. 
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£ 7-8: ^Efl^HH 155TC, 0.5~4A1?V -§-?> *Aj£ 1- = *S.Al ©j-^ ^} **13 
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^) mv = Mean Value, SD = Standard Deviation 
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(54) The synthesis method metal with free-metal phtha locyan i ne by using microwave energy 



Sum® at y 

v^jil^ -PWbal.pcyani.ne v b^ 

Making? a phyha I ocyan i ne compound in the by using a microwave. Accordingly, high-purity mental Jnc^^rj^et^ 
phyhalocyanine are gained more than the solvent synthesis method by using the y^Td^^^ 

fi^'n^ it is very profitable that the next -hand fmg*'mahu"f act unrig process is 

reduced. A refining process' reduce the by-product. 

Contrary to using Conventional source, Feature of manufacture is using microwave energy. 

Represent at iv& Pictu; e 
Pic t 

Index 

microwave, metal phtha I ocyan ine, metal-free phyhalocyanine. rapid heating, alternative heating, volume 
calor i f icat ion, 



A defatted staie^m 



The sl*np<e description of a sketch 
Picture 1. is the structural formula of metal, metal-free phthalocyanine . 
Picture 2. is equipment of microwave synthesis. 

Picture 3. the yield of phthalocyanine synthesized for 0.5-4hrs, under 155-170*C. in the conventional 
process and microwave . 

Picture 4. is the gaining ratio and purity of phthalocyanine synthesized for 0.5~4hrs, under 150-17CTC. in 
the conventional and microwave. 

Picture 5. is XRD graph of phthalocyanine synthesized for 0.5~4hrs. under 155 *C . in the conventional type 
solvent and microwave free-solvent. 

Picture 6. is XRD graph of copper-phthalocyanine synthesized for 2hrs, under 155 *C , in the conventional 
type solvent and microwave free-solvent 

Picture 7. is cinnabar electron microscope picture of copper-phthalocyanine synthesized for 0.5~4hrs. under 
155*C, in the conventional process. 

Picture 8. is cinnabar electron microscope picture of copper-phthalocyanine synthesized for 0.5~4hrs. under 
155°C , in the microwave 

Table 1. is the diameter and distribution of copper-phthalocyanine synthesized for 0.5~4hrs, under 155°C , 
in the conventional process and microwave. 

Table 2. is the ratio surface area of phthalocyanine synthesized for 0.5~4hrs, under 155*C . in the 
conventional process and microwave. 

Table 3. is the ratio surface area of phthalocyanine synthesized for 2hrs. under 155-170*0. in the 
conventional process and microwave. 

Table 4. is the synthsis possibility examination of high gaining ratio metal and free-metal phthalocyanine, 
reacting for 2hrs, under 180 C C . in the microwave. 



The detailed descr ipt ion of invent ion 
Invention Objective 

The invention technology and the traditional technology of the sphere 
This is invention about the synthesis method metal wit h„ metal -free phthalocyanine by using microwave 
energy . 

Phthalocyanine is high stability, optical and electronic properties for specific chemical structure. 
Phthalocyanine is applied to the field of a dyes, a cosmetics, a paints, a chemical sensor, a electro- 
color ing display . a photoel ect r ic pressure cell, a radiator, a catalyst, a optical disc. 
Generally, metal and free-metal phyhalocyanine are gained after the origin substances of phthalamide. 1.3- 
diaminoisoindol . 1 ,2-dicyanobonzene are reacts with a urea, nitrogen, metal-indigo and a react catalyst 
over 180°C, in a non-active solvent. 

The structure formula of phthalocyanine is shown on pic 1. M is designated a metal or free-metal as a 
copper, a Nikel . a cobalt, a manganese, a Aluminium, a palladium, a tafltal. a wax. a titanium. Rubidium. 
Terbium. Cerium. Lanthanum, a zinc or hydrogen. 

A microwave is a electromagnetic wave of 0.01~1m wave length and j?|s|^^ 

ppJiSnET5l9ieat P fng j. arid volumetric . heating. In the microwave synthesis and resolution reaction, a 
sy^thesls/VeW are promoted because a microwave's heating effect (heat transfer and catalyst's active 

phenomenon), chemical effect (polar izing phenomenon), mechanic ef feet (agi tat ing phenomenon) and the improved 
mass transfer effect . 

As the synthesis of a metal /free-metal phthalocyanine used a conventional heat source is possible to be 
high the react efficiency by decreasing the usage of a unnecessary solvent and to react pro-envi ronmental ly . 
a lot of study was progressed but. those study are no used commercially for the uniformed heat-transfer 
into the reactor's inside and difficulty of substances' uniformed mixing. 



The in van i ion < o ao'n ;'e ve i evhn fox i subject 

This invention is using microwave energy to solve the above problem in place of the existing conventional 
heat source. Using microwave energy, metal /free-metal phthalocyanine is producted metal /free-solvent 
phthalocyanine having improved manufacture process and physical property. 

Precisely, reducing a unnecessary solvent's usage, it is possible to synthesize pro-environmental pury 
metal and free-metal phthalocyanine on high gaining raion. As /."those phthalocyanine havea uniformed 



part icle s ize and I imited particle '-dfstrlbut ion and the next treatment manufacture process is reduced, they 
are.* prof 1 table to product * i ndust'rT a) I y # 

It is very profitable that the next-handling manufacturing process is reduced. A refining process reduce 
the by-product . . 

Th& composition una (unction of invent ion 
To describe this invention in detail as bellow. 

This invention is used microwave energy as heat source and metal /free-metal phthalocyanine are produc/ed. 
The initial materials are • anhydrous-phthal ic acid, 1 ,3-diaminoisoindol , 1 ,2-dicyanobenzene, free-metal 
phthalocyanine), acetic-metal, alkyl-metat or alkoxy-metal as a metal base. A nitrate source is a urea, a 
nitrogen. Also Manufacturing metal source for metal phthalocyanine was used in a metal chloride, or alkoxy 
metal (ex, etoxy titan, propoxy titan, butoxy titan...) 

A equipment for microwave was manufactured a equipment of the performance of a cycle as 2.45GHz, output- 
power a 700W. To uniform the microwave of vessel inside, the mode stirrer was installed and to 
measure/control the exact substances' temperature, a K-type stainless thermocouple and PID-type temp 
controller were installed. As separating three-opened Pyrex vessel was isolated to go heat efficiency up by 
a glass-fiber, it was located the center of microwave vessel. Three holes of 1cm diameter were made on the 
vessel's upper part and a thermocouple, a condenser and a agitating bar was installed. The interposition 
part was sealed by the Tef ron. (pic2) 

As uniformly agitating the substance in the microwave synthesis equipment, approximately 2-20°C/min. 
heated it till 120 *C . Over 120°C , approximately 0.25- 10°C/min. heated it till 130~250°C/ Substance was 
agitatied for 0.25-10hrs under each temperature, metal /free-metal phthalocyanine were synthesized/ 
Afterward, to remove dis-substances , those phthalocyanine were put in 3% sulphuric acid sol', treated on 
85T;, for 1hr/and. In 1% sodium hydroxide, metal /free-metal phthalocyanine treated acid were treated alkali 
on 85*C, for 1hr and to make neutral ity/ 90*0 distilled water was thrown, those phthalocyanine was dried in 
the oven, approximately 105*C, 24hrs. 

P'\qZ & Pic V were shown the react 9 a,n ratio and the P ur(t y of Copper-phthalocyan ine reacting on 155~170*C . 
for 0.5~4hrs by microwave synthesis method. As the gain ratio and the purity of phthalocyanine synthesized 
by microwave were compared with the existing conventional method, were high. 

Pic 5 & Pic 6. is shown the XRD(X-ray diffraction) of copper-phthalocyan ine , reacting on 155H70 Q C, 
0.5~4hrs by synthesizing microwave. As the peak of copper -phthalocyanine synthesized by microwave were 
compared with the existing conventional method, were high. 

Pic 7 & Pic 8. is shown the electronic microscope's picture of copper -phthalocyanine , reacting on 155t: , 
0.5~4hrs by synthesizing microwave. As the crystal form of copper-phthalocyan ine synthesized by microwave 
free-solvent were compared with the homogeneous shape existing method. 

Table 1. is shown the particle's diameter and distribution of copper -phthalocyanine , reacting on 155°C, 
0.5~4hrs by synthesizing microwave. As the particle diameter of copper -phthalocyanine synthesized by 
microwave free-solvent were compared with the needle shaped existing solvent synthesis method, were 
uniformed and showed the limited distribution. 



(Table 1} 



Method 


Convent ion type (h) 


Microwave (h) 




0.5 


1 


2 


4 


0.5 


1 


2 


4 


mv (/"m) 


7.81 


15.89 


15.98 


20.24 


5.97 


6.26 


5.54 


12.54 


SO (m) 


6.84 


10.55 


12.07 


19.60 


5.04 


5.28 


4.84 


12.19 


d10 (W) 


0.77 


0.70 


0.65 


0.64 


0.74 


0.73 


0.70 


0.78 


650 (m) 


4.00 


3.69 


3.49 


3.55 


3.43 


3.44 


3.44 


4.06 


690 (W) 


20.24 


37.70 


41.62 


66.57 


14.63 


16.16 


14.49 


36.87 



^) mv = Mean Value, SD = Standard Deviation 

Table 2 & Table 3. are shown the synthetic possibility of the high gain ratio metal /free-metal 

phthalocyanine. reacting on 155 *C . 0.5-4hrs by synthesizing Precisely, the metal /free/metal 
phthalocyanine synthesized by microwave free/solvent were gained high efficiency ration. 



{Table 2} 



Mp t hnri 


Time (h) 




0.5 


1 


2 . 


4 


Convent ion type ( nf 

/g) 


12.41 


10.93 


11.40 


11.16 


Microwave( m 2 /g) 


10.76 


11.93 


80.36 


78.29 




Method 


Temperature CC) 




155 


160 


165 


170 


Convention type (nf 

/g) 


11.40 


38.63 


46.34 


60.28 


Microwave (m*/g) 


80.36 


74.99 


53.20 


43.09 



Table 4 are shown the synthetic possibility of the high gain ratio metal /free-metal phthalocyanine reacting 
on 180 °C, 2hrs by synthesizing . 



[Table 4] 



Metal 


Cu 


Ti 


Fe 


Co 


Al 


Mn 


Sn 


Ni 


H 


Synthesis 


© 


© 


© 


© 


© 


© 


0 


0 


© 



^) © : High gain ratio, 0 • comparative gain ration 
At the below, this invention is described more in detail through the experiment but it is not set limit by 
this case. 

Exper iment case 1 r • ■ , 

Using microwave energy, agitating the substances with anhydrous-phthal ic acid 42g, a urea 49g, copper 
chloride 7g. Ammonium molybdate 0.1g in a free-solvent on 130~250°C, 0.25-15hrs, copper -phthalocyanine was 
synthesized. Afterwards, copper-phthalocyanine was put in 3% sulphuric acid solution and treated with acid 
on 85°C, 1hr. In 1% sodium hydroxide, copper-phthalocyanine treated acid were treated alkali on 85°C , for 
1hr and to make neutrality, 90°C distilled water was thrown, copper-phthalocyanine was dryed in the oven, 
approximately 105°C. 24hrs. 

Exper iment case 2 

Using microwave energy, agitating the substances with 1 ,3-diaminoisoindol 36. 3g, Ti taniumbutylamide 21. 3g 
in a free-solvent on 130-250°C, 0.25-15hrs, Titanium-oxide phthalocyanine was synthesized. Afterwards, 
Titanium-oxide phthalocyanine was put in 3% sulphuric acid solution and treated with acid on 85°C , 1hr . In 
1% sodium hydroxide, Titanium-oxide phthalocyanine treated acid were treated alkali on 85*C , for 1hr and to 
make neutrality, 90 e C distilled water was thrown. Titanium-oxide phthalocyanine was dryed in the oven, 
approximately 105*C f 24hrs. 

Exper iment case 3 

Using microwave energy, agitating the substances with 1 ,2-dicyanobenzene 21. 4g. 0BU 25. 4g in a free-solvent 
on 130-250*C. 0.25--15hrs. free-metal phthalocyanine was synthesized. Afterwards, free-metal 
phthalocyanine was put in 3% sulphuric acid solution and treated with acid on 85'C. 1hr . In 1% sodium 
hydroxide, free-metal t phthalocyanine reated acid were treated alkali on 85 r C . for 1hr and to make 
neutrality. 90'C distilled water was thrown, free-metal "w phthalocyanine as dryed in the oven, 
approximately 105'C. 24hrs. 



Exper i men t case 4 

Using microwave energy, agitating the substances with anhydrous-phthal ic acid 24. 7g. urea 10g. copper 
chloride. Titanium chloride. Iron chloride, Cobalt chloride. Aluminum chloride. Manganess chloride. 
Tantal-chlor ide, Nikel chloride in a free-solvent on 130~ 250*C , 0.25-15hrs. metal phthalocyanine was 
synthesized. Afterwards, metal phthalocyanine was put in 3% sulphuric acid solution and treated with acid 
on 85 C C . 1hr. In 1% sodium hydroxide, metal phthalocyanine treated acid were treated alkali on 85*C t for 
1hr and to make neutrality. 90 C C distilled water was thrown, metal phthalocyanine was dryed in the oven, 
approximately 105 °C , 24hrs. 

Comparat ive case 1 

In experiment case 1. it was practiced same as experiment case 1. except a conventional heat source in the 
solvent. 

Comparat ive case 2 

In experiment case 2. it was practiced same as experiment case 2. except a conventional heat source in the 
solvent. 

Comparat ive case 3 

In experiment case 3, it was practiced same as experiment case 3. except a conventional heat source in the 
solvent . 



The invent ton's of foci i veness 

This is invention about the synthesis method metal with non-metal phthalocyanine by ^slng Mlc^a^e^n^Y 
inM j&^ vol ume ca lor i UcjlUqp . Making a phthalocyanine ^ 'compound in 

^'^y^gjng'a microwave, "there is no the existing 130^0^88^86176111 recovery and refining process and 
the efficiency of reaction increase. Accordingly, high-purity mental and non-metal phthalocyanine are 
gained more than the solvent synthesis method by using the existing conventional heat-source type and 
having 'uniform and tiny particles, it is very profitable that the next -hand I ing manufacturing process is 
reduced 



(57) Appl icat ion range 
Application clause 1 . 

The method of metal /free-metal phthalocyanine by using a microwave energy. 
Appl icat ion clause 2 . 

In addition to clause 1.. the synthesis method a metal and free-metal with copper, a Nikel, a cobalt, a 
manganese, a Aluminium, a palladium, a tartar, a wax, a titanium. Rubidium. Terbium, Cerium, Lanthanum, 
a zinc or hydrogen. 

Appl icat ion clause 3 . 

In addition to clause 1.. the synthesis method being the orgion substances as anhydrous-phthal ic acid . 

phthal ic-amide. 1 ,3-diaminoisoindol . 1 ,2-dicyanobenzene or metal-free phthalocyanine. urea or nitrate, 

metal source is acetic-metal or alkyl-metal and the react catalyst as Ammonium molybdate, DBU, or OBN . 

7 } 

Appl icat ion clause 4 . 

In addition to clause 1.. the synthesis method a synthetic interval time is 0.25~15hrs. 
Application clause -5 . 

In addition to clause 1.. the synthesis method a synthetic interval temperature is 130 - 250'C. 



Appl icat ion clause 6 . 

In addition to clause 1.. the synthesis method a microwave's output power is 100W-20KW. 
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Process for preparing metallic and non-metallic phthalocyanine using microwave 
energy. 

Jung, Gi Seok; Jung, Hyeon Seok; Kwon, Jong Ho; Park, Seong Su; Shin, Jun Sik 
(Phthalos Co., Ltd., S. Korea). Repub. Korean Kongkae Taeho Kongbo KR 
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A process for prepg. metallic and non-metallic phthalocyanine using microwave 
energy is provided, thereby high purity metallic and non-metallic phthalocyanine 
can be rapidly prepd. at low temp, in higher yield, and side-products can be 
inhibited. The process for prepg. metallic and non-metallic phthalocyanine using 
microwave energy comprises the steps of: mixing anhyd. phthalic acid, 
phthalimide, 1,3-diimino isoindoline, 1,2-dicyanobenzene or non-metallic 
phthalocyanine, urea or nitrogen, and metal chloride or alkyl metal as a metal 
source in a solvent using a catalyst; and heating the mixt. to 130 to 250° for 0.25 
to 15 h using microwave energy, wherein the solvent is selected from 
alkylbenzene, N-methyl-2-pyrrolidone, quinoline, trichlorobenzene, isoamyl ale, 
n-octanol, 2-ethylhexanol and 1-chloronaphthalene; the catalyst is selected from 
ammonium molybdate, DBU, or DBN; the metal and non-metal are copper, iron, 
nickel, cobalt, manganese, aluminum, palladium, tin, lead, titanium, rubidium, 
terbium, cerium, lanthanum, zinc or hydrogen; and the output of the microwave 
energy is 100 W to 20 KW. 
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